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1. Introduction 
The role of the acyl lipid PG, which contains all 
the Cl 6: 1 trans in photosynthetic tissues i  not clearly 
established. A close connection between its presence 
and grana stacking has been suggested [l] from the 
action of phospholipase A2 on chloroplasts from 
spinach leaves. A good correlation has been observed 
between the synthesis of C16: 1 irons and grana stack- 
ing when etiolated corn leaves tarted greening under 
long wave monochromatic light [2]. But the conela- 
tion between Cl 6: 1 trans content and grana stacking 
i$ not absolute as shown on greening wheat leaves [3f 
and on a barley mutant [4] devoid of chl b and very 
poor in grana profiles but having a normal content in 
C16: 1 trans in PG. 
On the other hand, a tobacco mutant deficient in 
PSI1 and in chl LH [5] was shown to have a low con- 
tent of this acid in its PG, but as it was also deficient 
in many other components such as chl b, no definitive 
conclusions can be drawn on the role of this lipid in 
thylakoids. A few years ago it was shown [6] that in 
spinach chloroplasts a 76% depletion in PG, induced 
by phospholipase A2 treatment, weakly affected the 
photochemical ctivities of photosynthesis. In this 
work, we show that in young pea leaves a depletion 
Abbreviations: BSA, bovine serum albumin; C16: 1 tmns, 
A3-bans-hcxadecenoic acid; chl LH, light-harvesting chloro- 
phyll a/b complex; PC, phosphatidylglycerol; PQ, plasto- 
quinone; PSI, photosystem 1;PSII, photosystem 2 
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in PG, and of course in C16: 1 trans, brings about by 
phospholipase A2 treatment, modifies markedly the 
efficikncy of light collection and the rate of PQ reduc- 
tion. 
2. Materials and methods 
Pisum sativum (cv_ Annonay) plants were grown 
in a glasshouse at lS*C, under a 14-10 h, day-night 
period. Leaves from week 3 plants were ground in 
50 mM MES buffer, containing 0.4 M sorbitol, 10 mM 
EDTA and 1% BSA (pH 6.5). The 800 X g, 5 min 
pellet was resuspended in 50 mM Hepes-NaOH buffer, 
2 mM CaC12, 5mM M&l?, 1% BSA (pH 7). After 
centrifugation at 100 X g for 5 min, the supernatant 
was centrifugated at 800 X g for S min and the pellet 
resuspended in the same medium with 0.4 M sorbitol 
added. Phospholipa~ A2 from V&era ~sse~~i (1.06 
Sigma unit) was then added to a suspension contain- 
ing 400 E.cg chl (according to [7]) and incubated in 
the dark for 20 min at 2O’C. Then the suspension was 
washed 4 times by centrifugation (10 000 X g for 
1 min). All experiments were done on samples con- 
taining 6 &g &l/ml supplemented with lO+j M 
gr~icid~. 
PSI1 activity was measured by the DCPIP-Hill reac- 
tion,with an Aminco-Chance DW2 spectrophotometer 
in the dual-wavelength mode (590-730 nm). 
PSI activity was measured with a Clark oxygen 
electrode (Hansatech) by the DCPIPHz-methyl vio- 
~lsevier~~orth-polkaed Biomedical Press 
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logen reaction [ 81. Table 2 
Fluorescence induction was assayed as in [9]. 
Excitation energy was provided by a 250 W quartz- 
Modifications of the lipid composition of pea cbloroplasts 
after PLA, treatment 
iodine 1amp;low intensity illuminations were obtained 
by adding neutral density filters. 
Lipids were extracted in chloroform-methanol 
[IO]. Lipid classes were separated by TLC [ 111. 
Methyl-esters of fatty acids were prepared by direct 
~~~~s~ste~~cation and a alyzed by GLC [ 121. 
C16:l trans (&n8 cbl) 
Control 
23.0 
mol C16:l frans 
8.1 1.4 
100 md cbl 
C18:3 in MGDG &g/m8 chl) 
3. Results and discussion 
PG Wm8 cW 144 25 
3.1. Action of phospholipase A2 on the lipid composi- 
tion of plastids 
MGDG (@/m8 cW 1510 1460 
.- 
As shown in table 1, the fatty acid composition of 
PC in untreated plastids was similar to the data in [ 131; 
although the plastids were kept at 20°C for 20 min, a 
high content in Cl 6: 1 trans was observed (2%). There 
was no ~g~~~nt variations of the g~actolipid con- 
tent during the incubation time. These facts agree with 
those already published for spinach plastids [141, 
aged for 40 min at 2O”C, in which only very small 
changes in PG were found. 
Abbreviations: PCS, phosphatidylglycerol; MGDG, mono- 
galactosyldiacylglycrol 
pho~pids/c~ ratio 0.7, known to be minimal in order 
to influence the photo~n~etic reactions [16]. 
Furthermore, the addition of 1% BSA to the medium 
removed fatty acids and lysolipids, and prevented all 
the detergent effects of these compounds [ 171. 
Table 2 shows that the lipase treatment extracted 
>8% of PG and C16:l trans. The ratio C16:l trans 
to chl decreased from 8.1 mol/lOO mol chl in 
untreated to 1.4 mol[lOO ml chl in treated plastids. 
Nevertheless, in our experimental conditions, there 
always remained -2% of PG in the membranes. It 
is obvious that the lipase depleted the thylakoid very 
specifically in phospholipids, mainly PG, and that on 
the other hand the quantity of galactolipids was not 
modified. These results tit well with those obtained in 
spinach leaves with the same incubation time [6,15]. 
In our experiments, the lysophospholipids resulting 
from the lipase treatment were below the lysophos- 
So, we can assert hat our observations on photo- 
chemical activities are due specifically to PG and 
C16:l trans depletion and will not result from vari- 
ous effects of degradative compounds released by 
lipase treatment or aging of the plastids. 
3.2. Photochemi&ai acidities 
Table 1 
Fatty acid composition of phosphatjdy~lycerol in class II 
chloropksts from young pea leaves (in % total fatty acids) 
16:0 16:l 16:l 18:0 181 182 18:3 
cis tram 
55.7 2.6 19.4 trace 4.1 trace 15.7 
Fatty acids: 16:0 palmitic; 16:l pahnitoleic; 18:0 stearic; 
18: 1 oleic; 18:2 linoleic; 18:3 linolenic 
We observed striking differences in photochemicai 
activities between reference and treated plastids, 
unlike spinach cbloroplasts studied by Hoshina and 
Nishida [ 161. These differences were closely related 
to the level of excitation energy supplied (f&l). With 
week 3 plants, both treated and untreated chloroplasts 
were saturated by X0 W.m’* and showed identical 
DCPIP-reduction rates. As the excitation energy 
decreased, the ratio of DCPIP-reduction rate (refer- 
ence/treated) increased from l-l .3 and then remained 
constant. With 1,5-diphenylc~b~ide added as a sub- 
stitute for the water-splitting system [IS], the activity 
was slightly enhanced but the ratio was not modified. 
Similar effects were noted for PSI activity: in non- 
saturating conditions the ratio was -1.3. 
These experiments showed that the yield of light 
collection by PSI and PSI1 antennae was lowered by 
PG depletion while the activity of the photochemical 
Lipase 
4.1 
910 880 
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F&l. Saturation curve of the DCPIP-Hill reaction. C, untreated 
chlaroplasts; L, treated chloroplasts. Chloroplast suspension 
1 ml (6 pg chl) in buffer, supplemented with 25 pM DCPIP. 
centers themselves was constant; moreover, PG is 
useful in a common part of PSI and PSI1 antennae 
such as chl LII since activities are lowered in a similar 
way by PG removal; however, this complex is not 
generally thought o transmit energy with the same 
efficiency to both photosystems ]19] and we cannot 
locate the site where PC is implicated. 
3.3. Fluorescence ~~d~ct~on 
We use Lavorel’s terminology 1201 for fluorescence 
transients. With dark-adapted chloroplasts, the shape 
Fii.2. Kinetics of fluorescence induction: o, i, d, p, phases of 
induction; C, untreated chloroplasts, L, treated chloroplasts. 
Excitation energy, 30 W.m- %. 
of ff uorescence induction curves was quite different 
in treated and untreated samples but the level of 
initial fluorescence rise (0 level) was the same in both 
cases (fig.2); consequently, there was a similar amount 
of ‘inactive pigments’ in both samples and we must 
correlate the loss of energy collection described above 
to non-radiative deactivation rather than to pigment 
~activation, 
The maximum level of fluorescence (P) was lower 
in treated than in reference plastids; the variable 
fluorescence was ~o~~quently reduced. In the ‘1-D’ 
phase, treated chloroplasts exhibited a faster ise to I 
followed by a slighter I-D dip than reference chloro- 
plasts. It is widely accepted that the I-D dip phase 
is correlated with PSI activity through the plasto- 
quinones [21] (PQ). Recently [22], it has been shown 
that when DCMU is added in light, the resulting fluor- 
escence decay corresponds to the oxidized pool of PQ. 
In our experiments (fig.3) the variable fluorescence 
was decreased to 72% in the reference sample and to 
80% in the treated plastids. We have come to the 
conclusion that -1/3rd of the PQ pool was not 
reduced by PSI1 after lipase treatment; if this inacti- 
vation was directly related to the removal of PG by 
lipase, it would involve a new important role for this 
lipid. 
When ~~oroplasts were preincubated in the dark 
with DCMU, one can investigate, during illumination, 
the kinetics of the primary electron acceptor educ- 
tion in PSII. In these conditions, the area between 
the induction curve and the asymptote, normalized 
Fig.3. Kinetics of fluorescence induction; same conditions as 
fig# 2with lo- ’ M DCMU added in light. 
416 
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Fig.4. Kinetics of fluorescence induction, with DCMU added 
in the dark 10 mm before measurements. Arrows show half- 
rise time. Same conditions as fg.2. 
to maximum fluorescence level, is usually related to 
the amount of the primary electron acceptor of PSI1 
[23]. We did not find (figd) any significant differ- 
ences between the two samples which proved that 
they contained the same number of PSI1 centers. 
The comparison of variable fluorescence (ratio 
1.25) and half-rise time (ratio 0.85) clearly confirm 
that PSI1 antennae were less efficient in treated 
chloroplasts. The differences were slightly lower 
than those obtained by measuring the DCPIP reduc- 
tion rate. 
Because of these results and others on PC and 
Cl 6: 1 tnzns, it seems useful to recall the specific 
properties of this lipid and to consider its occurrence 
in grana stacking. 
PC is a negative phospholipid. This polarity is not 
the most usual one among phospholipids. It contains 
trans-hexadecenoic acid which is the only fatty acid 
of living cell with a rruns double bond. This bond is 
strangely situated at the acidic end of the molecule 
(polar end), all the other plant fatty acids being 
double bonded after the 9-10 position toward the 
methyl end of the molecule. From these characteris- 
tics of this phospholipid it seems to us that we may 
expect a specificity in its role at the membrane level. 
In the thylakoid, many properties have been 
observed which are closely correlated to the PG level: 
(i) Ageing of the membrane did not affect the PG 
level; this means it is a well-protected lipid inside 
the membrane, not easily removable by endog- 
(ii) 
enous lipases which affect preferentially phos- 
phatidylcholine; even after exogenous lipase treat- 
ment, we have shown that 20% of PG remains in 
the membranes. 
Stacking during the greening of leaves [24] exposed 
to light flashes appears at the same time as the PG 
concentration rises, and PG containing C 16: 1 
rrans is located in the granal region of the plas- 
tids while PG without Cl 6: 1 frans is found in 
intergranal membranes [ 11. 
We have to correlate these observations with the clas- 
sical localization of PSI1 and chl LH in the granal 
region of plastids (251. So we propose that some of 
the results reported here can be explained with a 
specific binding between the photosystems, chl LH, 
and PG (C16: 1 trans being localized in the grana). 
Certainly, PG is not only involved in the light 
harvesting apparatus since it also brings about deple- 
tion of the PQ-pool (activity). We must note that the 
PQ pool is classically shown as a network structure 
[26] and that the specific properties of PG may be 
important for the organization of this network. 
All these results argue strongly for a more impor- 
tant role of lipids inside the membrane than that of 
a physical barrier as currently suggested in mem- 
brane models. 
References 
[l] Tuquet, C., Guillot-Salomon, T., de Lubac, hf. and 
PI 
131 
141 
151 
161 
171 
181 
191 
Signal, hf. (1977) Plant Sci. Lett. 8,59-64. 
Tremolieres, A., Guillot-Salomon, T., Dubacq, J. P., 
Jacques, R., Mazliak, P. and Signal, M. (1979) Physiol. 
Planta 45,429-436. 
Bahl, J., Francke, B. and Moneger, R. (1976) Planta 
129,193-201. 
Bolton, P., Wharfe, J. and Harwood, J. L. (1978) 
Biochem. J. 174,67-72. 
Lemoine, Y., Joyard, 1. and Tremolieres, A. (1977) in: 
4th Int. Cong. Photosynth. Reading, pp. 215-216. 
Hirayama, 0. and Nomotobori, T. (1978) Biochim. 
Biophys. Acta 502, 11-16. 
Amon, D. I. (1949) Plant Physiol. 24, 1-15. 
Whitehouse, D. G., Ludwig, L. J. and Walker, D. A. 
(1971) J. Exp. Bot. 22,772-791. 
Lemoine, Y. and Jupin, H. (1978) Photosynthetica 12, 
35-50. 
[lo] Bligh, E. G. and Dyer, W. J. (1959) Can. J. Biochem. 
Physiol. 37,911-919. 
[ 111 Lepage, M. (1964) J. Chromatog. 13,99-103. 
417 
Volume 106, number 2 FEBS LETTERS October 1979 
[ 121 Carreau, J. P. and Dubacq, J. P. (1978) J. Chromat. 
151,384-390. 
[ 131 Tremolieres, A. (1975) Thesis, Paris. 
[ 141 Hoshina, S., Kaji, T. and Nishida, K. (1975) Plant Cell 
Physiol. 16,465-414. 
[ 151 Tuquet, C. (1972) CR Acad. Sci Paris 275,2425-2428. 
[ 161 Hoshina, S. and Nishida, R. (1975) Plant Cell Physiol. 
16,475-484. 
[ 171 Shaw, B. A., Anderson, M. M. and McCarty, R. E. 
(1976) Plant Physiol. 57,724-729. 
[ 181 Vernon, L. P. and Shaw, E. R. (1969) Plant Physiol. 44, 
1645-1649. 
[ 191 Butler, W. L. and Strasse, R. J. (1977) Proc. Natl. Acad. 
Sci. USA 74, 3382-3385. 
[ 201 Lavorel, J. (1959) Plant Physiol. 34, 204-209. 
[21] Schreiber, U. and Vidaver, W. (1976) Biochim. Biophys 
Acta 440, 205-214. 
[ 221 Vernotte, C. and Briantais, J. M. (1979) Biochim. 
Biophys. Acta 545, 519-521. 
[23] Etiemte, A. L. (1974) Biochim. Biophys. Acta 333, 
320-330. 
[ 241 Tuquet, C., Guillot-Salomon, J., Farineau, J. and Signol, 
M. (1976) Physiol. Veg. 14,11-30. 
[25] Amtzen, C. J. (1978) Cur. Top. Bioenerget. 8B, 
111-160. 
[26] Witt, H. T. (1979) Biochim. Biophys. Acta 505, 
355-427. 
418 
